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DISSERTATION SUMMARY 

 

Objectives: The study objectives were (1) to examine the risk of community-acquired pneumonia in the elderly using 

anticholinergic medications; (2) to examine the risk of falls/fractures associated with anticholinergic use in the elderly; and (3) to 

examine the risk of all-cause hospitalization in the above population. 

Methods: A nested case control design was conducted using regional Medicare data to achieve the study objectives.  The base cohort 

within which the case-control study was nested consisted of persons 65 years of age or older, with at least one inpatient and one 

outpatient claim anytime during January 1, 2009-June 30, 2009 in which no incidence of study outcome (pneumonia for 1st objective, 

falls/fractures for 2nd objective and hospitalization for 3rd objective) had occurred. Cases of the primary outcome consisted of those 

individuals who had a claim for pneumonia (1st objective), falls/fractures (2nd objective) and hospitalization (3rd objective), at least 

6 months after entry into the base cohort. For each case, four age and sex-matched controls were identified from the base cohort 

using incidence density sampling, with a potential for replacement. The primary exposure was defined as a prescription of any 

anticholinergic medication 30 days before the event date. Anticholinergic exposure was defined based on the pre-validated 

Anticholinergic Drug Scale (ADS). Conditional logistic regression analyses, stratified on matched case-control sets, was used to model 
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the outcomes, with exposure to anticholinergic Levels 1, 2 or 3 as the main independent variable, and potential confounding factors 

as additional explanatory variables.    

Results: Analysis of Medicare data revealed that, there were 291 cases of pneumonia (and 1164 age and sex-matched controls) for 

the first objective, 449 cases of falls/fractures (and 1796 controls) for the second objective and 295 cases of hospitalization (and 

1180 controls) for third objective. After controlling for potential covariates, the results of conditional logistic regression revealed 

that, use of anticholinergic medications was associated with a marginally higher risk of pneumonia (OR 1.40; 95% CI, 1.03-1.90) 

compared to non-use.  For the second objective, use of anticholinergic medications was not associated with a statistically significant 

higher risk of falls/fractures (OR 1.03; 95% CI, 0.82-1.31) compared to non- use. The risk of hospitalization was also similar for 

anticholinergic users (OR 0.85; 95% CI, 0.62-1.17) compared to non-users. No difference in risk was observed across levels of 

anticholinergic potency for each aim. 

Conclusion: The current nested case-control study in a cohort of regional Medicare advantage plan beneficiaries found that, use of 

anticholinergic medications was associated with a marginally higher risk of pneumonia compared to non-use, after controlling for 

other potential risk factors. However, there was no difference in risk of falls/fractures and all-cause hospitalization with use of 

anticholinergic agents compared to non-use.  Future studies are required to confirm the study findings.  
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SPECIFIC AIMS 

Anticholinergic medications consist of drugs from a wide range of therapeutic categories. [1] Medications such as oxybutynin, 

atropine, and benztropine are used to treat Parkinson’s disease, irritable bowel syndrome, urinary incontinence and other selected 

medical conditions specifically because of their anticholinergic properties. [1-3] Others such as antidepressants, antipsychotics, and 

antihistamines, have considerable unwanted anticholinergic effects that are unrelated to their desired actions. The pharmacology of 

anticholinergic action involves blocking of the muscarinic receptors that are located in the central nervous system, parasympathetic 

and sympathetic effector cells. [4] Due to widespread distribution of muscarinic receptors in the body, these drugs can be used to 

treat a multitude of disorders. However, owing to the non-selective nature of muscarinic blockade, use of these agents is associated 

with significant side effects.  [4] These side effects are a considerable concern in the elderly due to polypharmacy, co-morbidities, 

and age-related changes in pharmacokinetic and pharmacodynamic parameters. [2-5] Significant peripheral side effects include 

pneumonia, dry mouth, thickened mucous secretions, constipation, urinary retention/hesitation, and visual impairment. Central 

anticholinergic adverse effects mainly include falls, confusion, cognitive impairment, sedation, and delirium. [6-9] As a result, agents 

with significant anticholinergic effects are often considered potentially inappropriate for prescribing for the elderly population. [10-

13] Beers’ criteria [10] and Assessing Care of Vulnerable Elders (ACOVE) indicators [13] have identified several medications with 

anticholinergic properties that should be avoided in the elderly.  
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Despite significant use of anticholinergic medications in the elderly, little is known about the overall healthcare impact and 

adverse effect profile of these agents in elderly. Previous studies have mostly examined the central side effects profile of 

anticholinergic agents like cognitive impairment, delirium and dementia. [14-18] 

The current study uses a pre-validated Anticholinergic Drug Scale (ADS) to identify all the potent anticholinergic medications 

and evaluate the specific and general safety profiles of anticholinergic medication use in community-dwelling elderly.  

 Specific aims of the study are: 

1) To evaluate the  risk of community-acquired pneumonia with use of anticholinergic medications in community-dwelling 

elderly;  

 

2) To evaluate the risk of falls/fractures with use of anticholinergic medications in community-dwelling elderly; and  

 

3) To evaluate the risk of all-cause hospitalization associated with anticholinergic use in community-dwelling elderly. 

The following research hypotheses were tested for the above objectives: 

1) Community-dwelling elderly patients using anticholinergic medications (levels 1, 2 and 3) are at a significantly higher risk of 

community-acquired pneumonia compared to non-users; 

 

2) Community-dwelling elderly patients using anticholinergic medications (levels 1, 2 and 3) will experience a significantly 

higher risk of falls/fractures than non-users users; and  
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3) Community-dwelling elderly patients using anticholinergic medications (levels 1, 2 and 3) are at a significantly higher risk of 

all-cause hospitalization compared to non-users. 
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BACKGROUND AND SIGNIFICANCE 

Medication-related Morbidity in the elderly 

           Medications play an important role in the treatment of various disorders in the elderly. However, there are several other 

factors that affect treatment in the elderly, like, co-morbidities, polypharmacy, age-related changes in the medication’s 

pharmacokinetic and pharmacodynamic parameters and high susceptibility to adverse events. [19] Consequently, the elderly are at 

an increased risk of medication-related morbidity and mortality. [20] In light of growing concern regarding the medication-related 

morbidity in diverse health settings, various explicit criteria like Beer’s criteria [10-12], Health Plan Employer Data and Information 

Set (HEDIS) criteria [21] and ACOVE indicators [13] have been developed to assess the quality of medication use in the elderly. 

These measures are periodically updated to include newer medications. All the above criteria have identified several medications 

with anticholinergic properties as potentially inappropriate in the elderly; consequently, these medications should be avoided in the 

vulnerable elderly populations.  

Anticholinergic Scales 

 Anticholinergic medications can be classified in several ways. Some researchers have used geriatric pharmacology textbooks 

or other lists of anticholinergics as sources, while others involve expert consensus and/or specific criteria for evaluating evidence. 

Six rating scales that have appeared in the literature in recent years are the Drug Risk Number [22], Clinician-Rated Anticholinergic 
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Scale [23-24], Drug Burden Index [25], Anticholinergic Cognitive Burden Scale [26],  Anticholinergic Risk Scale [27], and the 

Anticholinergic Drug Scale. [28-29]  

The earliest anticholinergic scale was developed by Summers (1978), who developed a Drug Risk Number (DRN) to quantify 

the exposure to psychoactive drugs based on class and effective daily dose. [22] Class of the Agent ranged from I to III based on their 

increasing order of anticholinergic activity. Class I drugs were defined to have known synergistic effect with anticholinergic agents, 

but not known as a direct cause of organic mental syndrome; Class II drugs were known to cause delirium but, not documented to 

have anticholinergic properties, and Level III drugs were known to cause delirium reversed by Central Nervous System (CNS) active 

acetylcholinesterase or had central anticholinergic effect and caused delirium. Daily Effective Dose also had 3 levels which ranged 

from below the usual therapeutic dose to above the therapeutic dose during a 24 hour administration period. Summers classified a 

total of 62 medications in the 3-level ordinal scale denoting synergistic and CNS-potency of the medication. 

Summers’ DRN classification did not include the newer medications. To address this issue and broaden the scope of the drug 

burden scale, a Clinician Rated Anticholinergic Score was developed by Han and colleagues (2001). [23-24] This scale provided an 

alternate measure of anticholinergic burden to Summers’ scale, and included a list of 340 medications based on previous literature, 

and independent ratings from expert geriatricians who rated the drugs on a scale of 0 (no activity) to 3 (high activity). The inter-

rater reliability of the of the clinicians’ ratings was assessed. The concordance of the mean and median values of the clinicians’ 
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ratings for all the 340 medications was also compared with Summers’ classification, and laboratory data, and strong agreement was 

reported on each of the domains.  

The Anticholinergic Drug Scale (ADS) was developed by Carnahan et al., classified drugs into four categories on the basis of 

their level of anticholinergic activity. [28-29] The ADS is a modified version of the Clinician-rated ACH score and Summers’ DRN 

classification of anticholinergic medications. The ADS was found to be correlated with serum anticholinergic activity (SAA), which is 

considered the gold standard in quantifying the anticholinergic drug burden of patients. The ADS groups the drugs using an ordinal 

scale of 0 to 3, where level 0 contains drugs with no known anticholinergic activity; level 1 includes drugs with potential 

anticholinergic activity as evidenced by receptor binding studies; level 2 includes drugs for which anticholinergic adverse events are 

sometimes noted, usually at higher doses; and level 3 indicates drugs with marked anticholinergic activity.  

All of these scales were developed using varying levels of expert consensus and/or literature review.  Most of these scales use 

ratings ranging from 0 to 3 to generally represent the spectrum from no known anticholinergic activity to highly anticholinergic, in 

contrast to many studies which have simply categorized drugs as anticholinergic or not and would appear to fail to account for 

known differences in potency among anticholinergics.  Only the ADS developed has been found to be correlated with Serum 

Anticholinergic Activity, which is considered the gold standard in quantifying the anticholinergic drug burden of patients. [29] The 
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current study used ADS because it includes a comprehensive list of medications, and has been found to be correlated with Serum 

Anticholinergic Activity. 

Anticholinergic medications and risk of community-acquired pneumonia  

 Community-acquired Pneumonia (CAP) is the most common type of pneumonia, and is mainly characterized by fever, chills 

and pleuritic chest pain. [30] It is the 7th leading cause of death in the US, and one of the most common causes of hospitalization in 

the elderly. [30] Age is one of the strongest risk factors of CAP, with advanced aged individuals being at higher risk of the disease. 

[30-31] Additional potential risk factors of CAP are poor nutrition, tobacco use, swallowing disorders, limited bed mobility, 

cardiopulmonary dysfunctions and use of sedative medications. [30-32] Furthermore, underlying chronic conditions like alcoholism, 

immunosuppression, Chronic Obstructive Pulmonary Disease (COPD), respiratory disorders and mental health diagnoses can 

predispose the elderly at pronounced pneumonia risk. [33-35] Anticholinergic medications are used to treat many of the above 

disorders in the elderly, and hence can moderate the etiology and outcome of CAP. The current study tested the hypothesis that 

users of anticholinergic medications are at a higher risk of CAP than non-users.  Additionally, the study also examined the risk of CAP 

across levels of anticholinergic potency. The study findings would be helpful in optimizing the use of anticholinergic agents with 

strong peripheral effects in the vulnerable elderly population.  
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Anticholinergic medications and risk of falls/fractures 

 Falls and related injuries among elderly individuals constitute a significant public health concern, and represent one of the 

major adverse events due to their associated morbidity, mortality, and healthcare expenditures in the elderly. [36-37] Falls and 

related fractures have a potential negative impact on the health and quality of life in elderly individuals who experience such 

outcomes. In recent years, several epidemiological studies have examined the risk factors of falls/fractures in diverse healthcare 

settings. Deandrea et al., conducted a meta-analysis of 74 studies to investigate the risk factors of falls/fractures in community-

dwelling elderly. [38] Their study found that, in addition to socio-demographic characteristics, co-morbidities like Parkinson’s 

disease, previous history of falls, gait problems, use of walking aids, and medication use were strong risk factors of future falls in 

community-dwelling elderly individuals. A recently published meta-analysis by Huang et al.,(2011) identified the major medication 

classes associated with a high risk of falls. [39] Analysis of pooled data in the study found that, use of benzodiazepines, 

antipsychotics and antidepressants were consistently associated with risk of falls in the above population. Several medications in 

these have some degree of anticholinergic activity. However, there is limited evidence on the association of anticholinergic 

medication use and falls. Only two studies have been done so far, which evaluated the risk of falls with anticholinergic use. Both the 

studies found a significantly higher risk of falls among anticholinergic users. [40-41] However, only one of them was done in a 

community setting, and none was done in the US. Therefore, it is important to evaluate the risk of anticholinergic-induced 
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falls/fractures in US community-dwelling elderly population. The current study tested the hypothesis that users of anticholinergic 

medications are at a higher risk of falls/fractures than non-users.  Additionally, the study also examined the risk of falls across levels 

of anticholinergic potency.  

Anticholinergic medications and risk of all-cause hospitalization 

 Hospitalization services account for a relatively small portion (nearly 7%) of total healthcare utilization, but they represent 

the largest share of healthcare spending in the US (29% in 2009). [42] Available statistics also indicate that, elderly individuals (> 65 

years) consist of only 12% of the US population, and yet account for a disproportionately high proportion the hospitalizations.  [43] 

Hospitalization among the elderly is therefore considered as a major quality of care indicator.  All-cause hospitalization also provides 

a measure of overall safety of medications. Several epidemiological studies have been conducted to examine the comparative safety 

of various medications and medication classes with respect to all-cause hospitalization risk. [44-46] None of the studies have 

evaluated the effect of anticholinergic medications on hospitalization. Given the extensive use of anticholinergic medications among 

elderly, and the increasing emphasis of hospitalization as a quality of care measure, there is a strong need to evaluate the role of 

anticholinergic medication on all-cause hospitalization. Thus the aim of the current study was to assess the risk of hospitalization 

among community-dwelling elderly using anticholinergic medications.  The current study tested the hypothesis that users of 
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anticholinergic medications are at a higher risk of all-cause hospitalization than non-users.  Additionally, the study also examined the 

risk of hospitalization across levels of anticholinergic potency.  

Innovation 

  The ADS, developed by Carnahan et al., is a strong explicit criterion correlated with SAA, the gold standard in quantifying the 

anticholinergic drug burden of patients. [28-29] The proposed study is designed to strengthen the predictive validity of ADS by 

assessing the adverse events of medications with significant anticholinergic activity. This research will focus on the community-

dwelling elderly, since they form the majority of the elderly population in the US. Understanding the role of modifiable risk factors 

like anticholinergic medication use can help improve the quality of prescribing in these patients, lower the risk of drug-induced 

adverse events, and reduce unnecessary hospitalizations. Additionally, elderly patients in the community are often attended by 

untrained caregivers; this may lead to problems with reporting adverse events as a consequence of drug treatments in this 

population. [47] The study findings will be helpful in communicating the short-term effects of anticholinergic treatment in the 

community-dwelling elderly, to prescribers and other health care professionals. This can be beneficial in providing caregiver 

education in monitoring patients for incidence of anticholinergic-induced adverse events.  
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Little is known regarding safety and effectiveness of anticholinergic medications used in the community-dwelling elderly. 

Most of the studies have focused on the cognitive impairment associated with anticholinergic use in the elderly, particularly those in 

nursing homes [14-18, 48] Nursing home residents generally have poor underlying functional and physical health status, take 

multiple medications and suffer from several chronic conditions. Hence, they are more prone to adverse events than the general 

elderly population, irrespective of anticholinergic medication use. On the other hand, use of anticholinergic medications in the 

community-dwelling elderly can lead to considerable disease burden. Given that, several of these patients are on the verge of being 

institutionalized, use of such medications can worsen their condition, and lead to severe health care consequences like 

hospitalization, and consequently, death. Overall, the study findings will help assess the safety profiles of anticholinergic medications 

in community-dwelling elderly, and will be instrumental in monitoring the use of the high-level drugs to prevent peripheral and 

cognitive adverse events, as well as prevent the risk of hospitalization as a consequence of anticholinergic use.   

The following three sections provide study design details, results and conclusions in the form of manuscript drafts for each of 

the three specific aims. 
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MANUSCRIPT 1 

ANTICHOLINERGIC USE AND RISK OF PNEUMONIA IN THE ELDERLY 

ABSTRACT 

Background: Anticholinergic medications consist of a wide range of therapeutic classes, and frequently prescribed in the elderly. 

Previous research has indicated that anticholinergic properties of medications may lead to increased risk of community-acquired 

pneumonia (CAP) in the elderly.   

Aim: The aim of the current study was to examine the risk of CAP associated with use of anticholinergic medications. 

Methods: The current study used a nested case control design within a cohort of elderly individuals enrolled in a regional Medicare 

Advantage Plan, during the years 2009-2010, to evaluate the risk of CAP. The base population, from which cases and controls were 

sampled, consisted of individuals aged 65 years and above, with at least one inpatient and one outpatient claim in the pre-index 

period (January 1, 2009-June 30, 2009) during which no instances of pneumonia had occurred. Cases for the study were identified as 

patients who had an incident diagnosis of CAP, at least 6 months of no CAP during the pre-index period. Four age and sex-matched 

controls were identified per case from the study base using incidence density sampling, with a potential for replacement. The 

primary exposure was defined as a prescription of any anticholinergic medication 30 days preceding the event date. Anticholinergic 
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exposure was defined based on the pre-validated Anticholinergic Drug Scale (ADS). The primary outcome measure of the study was 

an inpatient or outpatient visit which involved diagnosis of CAP, anytime between July 1, 2009 and December 31, 2010. Conditional 

logistic regression model stratified on matched case-control sets, with exposure to anticholinergic Levels 1, 2 or 3 as the main 

independent variable, CAP as the main outcome variable. 

Results: The study population consisted of 291 cases diagnosed with CAP and 1164 age and sex-matched controls (incidence 

density 1:4). 38.83% of the cases filled prescription for at least one anticholinergic medication 30 days before the event date, 

compared to 26.98% in the controls (p<0.0001). Majority of the anticholinergic use was driven by level 1 anticholinergic drugs 

(32.65% among cases vs 20.79% among controls; p<0.0001), followed by level 3 (9.28% vs 7.30%; p=0.26), and Level 2 drugs 

(2.06% vs 3.01%; p= 0.38). After controlling for potential covariates, the results of conditional logistic regression revealed that, use 

of anticholinergic medications was associated with a marginally higher risk of pneumonia (OR 1.40; 95% CI, 1.03-1.90) compared to 

no drug use. However, when clinically significant anticholinergic drugs (level 2/3) were compared to drugs with low or no 

anticholinergic properties, there was no difference in risk of pneumonia (OR 0.99; 0.64-1.57). 

Conclusion: The current study evaluated the risk of pneumonia among a cohort of elderly Medicare Advantage Plan beneficiaries 

using nested case control approach, and found that, current use of anticholinergic medications was associated with a 40% higher 

risk of CAP compared to no use, after controlling for potential confounding factors. Given the potential adverse events associated 
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with anticholinergic medications in the elderly, there is a need to be cautious while prescribing these medications in the above 

population. 
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INTRODUCTION 

  Anticholinergic medications consist of a heterogeneous group of drugs that are commonly used by the elderly. [1] They can 

be further classified into two categories. Some medications such as oxybutynin, atropine, and benztropine, are used to treat specific 

disorders like Parkinson’s disease, irritable bowel syndrome, urinary incontinence among other medical conditions, specifically 

because of their anticholinergic properties. [1-3] Other medication classes such as antidepressants, antipsychotics, and 

antihistamines, that are frequently used in the elderly, have anticholinergic effects that are unrelated to their therapeutic activities. 

The pharmacology of anticholinergic action involves blocking of the muscarinic receptors that are located in the central nervous 

system, parasympathetic and sympathetic effector cells. [4] Due to widespread distribution of muscarinic receptors in the body, 

these drugs can be used to treat a broad array of disorders. However, owing to the non-selective nature of muscarinic blockade, use 

of these agents is associated with significant side effects. These side effects are a considerable concern in the elderly due to 

polypharmacy, co-morbidities, and age-related changes in pharmacokinetic and pharmacodynamic parameters. [2-5] Significant 

peripheral side effects include dry mouth, thickened mucous secretions, urinary retention and constipation. Central anticholinergic 

effects mainly include falls, confusion, cognitive impairment, sedation, and delirium. [6-9] Thus, use of medications with significant 

anticholinergic properties is deemed potentially inappropriate in the elderly, based on Beer’s criteria [10-12] for inappropriate 

medications and ACOVE quality indicators [13]. 
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 Community-acquired Pneumonia (CAP) is the most common type of pneumonia, and is mainly characterized by fever, chills 

and pleuritic chest pain. [30] It is the 7th leading cause of death in the US, and constitutes one of the most common causes of 

hospitalization in the elderly. [30] In the elderly, however, CAP may present with fewer respiratory symptoms and more central 

effects like delirium, confusion and falls.  [31] Age is one of the strongest risk factors of CAP, with advanced aged individuals being at 

higher risk of the disease. [31] Additional potential risk factors of CAP are poor nutrition, tobacco use, swallowing disorders, limited 

bed mobility, cardiopulmonary dysfunctions and use of sedative medications. [30-32] Furthermore, underlying chronic conditions 

like Chronic Obstructive Pulmonary Disease (COPD), asthma, bronchial diseases, other respiratory conditions and mental health 

diagnoses can predispose the elderly at pronounced pneumonia risk. [33-35] Anticholinergic medications are used to treat many of 

the above disorders in the elderly, and hence can moderate the etiology and outcome of CAP. The mechanism of drug-induced CAP 

involves multifactorial pathways like extrapyramidal effects, sedation and histamine receptor blocking properties. Several 

epidemiological studies have documented the anticholinergic effects of antipsychotics and antidepressants in the occurrence of CAP. 

[49-52] However, none of the studies have been conducted to examine the risk of pneumonia associated with use of anticholinergic 

medications. Since several anticholinergic agents are considered inappropriate for the elderly due their adverse effect profiles and 

drug-disease interactions, it is important to examine the risk of CAP in the elderly using anticholinergic medications. Therefore, the 

objective of the current study was to evaluate the effect of anticholinergic medications on the risk of pneumonia. The study findings 
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will be helpful in communicating the risk of anticholinergic-induced CAP in the elderly to clinicians and prescribers, and therefore, 

optimize the use of these agents in the above population. 

 

METHODS 

Data Source 

 The study used medical claims data on elderly beneficiaries (> 65 years) enrolled in a regional Medicare Advantage 

Prescription Drug (MAPD) plan, during January 1, 2009-December 31, 2010, to achieve the study objective. The MAPD plan provides 

coordinated care health plans with a Medicare contract, and serves more than 100,000 members in the region. The database 

contains the following data elements: membership, member summary, institutional and professional medical claims, CCMS file, 

pharmacy records, and Quest Lab files. Membership and member summary files include demographic characteristics (age and 

gender), disease severity scores, and cost data for beneficiaries for each year. The institutional and outpatient files capture patients’ 

diagnostic information in the form of International Classification of Disease- Ninth Revision and Clinical Modification (ICD-9 CM) 

codes, procedure information in the form of Current Procedural Terminology (CPT) codes, in inpatient and outpatient settings 

respectively. The CCMS file captures the hospitalization records, date of admission, date of discharge and length of stay for the 

beneficiaries during the study period. The pharmacy file contains Medicare Part D pharmacy data provided by pharmacy benefits 

manager, and includes drug identifying information, prescription fill dates, days of supply, quantity dispensed and dosing 
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information for each prescription filled. The current study involved the use of membership files, member summary files, institutional 

and professional claims files, and pharmacy files for analysis. All the above files can be linked by a unique patient identifier. 

Study design and sample 

 A nested case-control design was conducted within a cohort of elderly individuals enrolled in the MAPD plan, during the years 

2009-2010, to evaluate the risk of CAP. A nested case-control design can be a highly efficient method of epidemiological research, 

particularly when exposure data can be costly or difficult to collect. [53-60] Nested case-control designs, if performed appropriately, 

will yield unbiased estimates of relative risk as obtained in a full cohort analysis. [61] Since anticholinergic medications consist of a 

large number of drugs from various therapeutic categories, a nested case-control approach provided an advantage over a new-user 

retrospective cohort design in capturing multiple drug exposures.  

 The base population, from which cases and controls were selected, consisted of individuals aged 65 years and above, who had 

at least one inpatient claim and one outpatient claim in the pre-index period (January 1, 2009-June 30, 2009) during which no 

instances of pneumonia had occurred. The pre-index period was required in order to capture the patients’ medical history for risk 

adjustment purposes. Consequently, the base population excluded individuals less than 65 years, and who experienced an episode of 

CAP during the pre-index period. Additionally, individuals who were not enrolled in or did not have any Part D plan with the regional 

MAPD during the study time frame (January 1, 2009-December 31, 2010), VA patients, patients in hospice care and those diagnosed 
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with cancer were also excluded from the base population. The index date of the study was defined as the study entry date of the 

individuals in the base cohort, and it marked the end of the 6-month baseline period, and beginning of the observation period for the 

outcome (CAP). 

Identification of cases 

 Cases for the study were identified as patients who had an incident diagnosis of CAP, after at least 6 months of no event 

during the pre-index period. The event date for the cases was defined as the date of the first case event.  The cases were ascertained 

anytime between the index date (July 1, 2009) and study end date (December 31, 2010).  

Identification of controls  

 Controls for the study were identified from the study base using incidence density sampling, which is considered the gold 

standard among all the sampling approaches in case-control designs. [62-63] Potential controls for the study were individuals who 

remained in the risk set on the date of CAP occurrence for the corresponding case. Controls were matched to cases based on age (±5 

years), and gender. For each case, four controls were selected at random, with a potential for replacement. This meant that, one 

subject could serve as a control for more than one case, and could later become a case, if he/she was diagnosed with CAP. The event 

date for the controls was defined as the date of entry into the study cohort (index date) plus the number of days of event-free follow-

up contributed by the corresponding case. [52] Figure 1 depicts the schematic representation of the base cohort. 
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Figure 1: Schematic representation of base cohort for Specific Aim 1 
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Exposure and Outcome Definitions 

 The primary exposure was defined as a prescription of any anticholinergic medication 30 days preceding the event date. 

Anticholinergic exposure was defined based on the pre-validated Anticholinergic Drug Scale (ADS). [28] The ADS classifies drugs 

into four categories on the basis of their level of anticholinergic activity, and grouped the drugs using an ordinal scale of 0 to 3, 

where level 0 contains drugs with no known anticholinergic activity; level 1 includes drugs with potential anticholinergic activity as 

evidenced by receptor binding studies; level 2 includes drugs for which anticholinergic adverse events are sometimes noted, usually 

at higher doses; and level 3 indicates drugs with marked anticholinergic activity.  The ADS has also been found to be moderately 

associated with Serum Anticholinergic Activity (SAA), which is considered the gold standard for quantifying anticholinergic burden. 

[29] Patients who were not exposed to any of the above anticholinergic medications 30 days before the case event were defined as 

non-users, and formed the reference group. The use of anticholinergic medications was identified by Specific Therapeutic Codes 

(STC), provided by the MAPD plan. 

 The primary outcome measure of the study was an inpatient or outpatient visit which involved diagnosis of CAP, anytime 

between July 1, 2009 and December 31, 2010. The events of CAP were defined according to the clinical classification of conditions 

developed by the Agency for Healthcare Research and Quality (AHRQ) that are based on specific ICD-9 CM codes such as viral and 

bacterial pneumonia, bronchopneumonia, specific pneumonia, and pneumonia not specified. [64] 
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Covariates 

 Covariates for the study were as measured at index date, and were selected based on the evidence of their association with 

the outcome, and availability of variables in the data. [31-35] These included Chronic Obstructive Pulmonary Disease (COPD), 

asthma, respiratory failure, bronchial diseases (including influenza), Upper Respiratory Tract Infections (URTI), mood disorders, 

dementia and other mental health disorders like schizophrenia, Parkinson’s disease, and anxiety disorder. Use of other non-

anticholinergic medications like proton pump inhibitors (30 days before the event date), was included as a potential confounder of 

CAP. [65] Use of non-anticholinergic antibiotics during the same period was also adjusted for, as a marker for any underlying 

infection that could be associated with the outcome. Additionally, Centers for Medicare and Medicaid Services (CMS) risk score was 

used to account for medication burden and disease severity among the patients. [66] The CMS risk score is calculated based on data 

from a large pool of Medicare beneficiaries to estimate the average predicted costs for each of the component factors (e.g., age-sex, 

low income status, individual disease groups). It consists of 189 disease classifications for use in risk adjusting of clinical outcomes 

in Medicare populations. 

Statistical Analyses 

 The differences in covariate distributions between the cases and controls were using chi-square tests for categorical variables 

and t-tests for continuous variables. In order to model the primary outcome, logistic regression was used. The final sample for the 
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study consisted of risk sets, where each risk set consisted of one case and four controls matched by person-time at risk, age and 

gender. In order to handle stratified data, conditional logistic regression is the model of choice since it can accommodate stratum-

specific analysis. [67] Conditional logistic regression model stratified on matched case-control risk sets was used, with exposure to 

anticholinergic Levels 1, 2 or 3 as the main independent variable, CAP as the main outcome variable and potential confounding 

factors as additional explanatory variables. The use of incidence density sampling yielded odds ratios (OR) that estimated the 

relative risk of CAP associated with anticholinergic use, along with the 95% Confidence Intervals (95% CIs). [68] The above 

analytical approach was analogous to time-to-event analyses in cohort studies.  Our sample size calculations suggested that, for a 

two-tailed test with Type I error probability of 0.05, highest odds ratio of disease in exposed versus unexposed of 1.50, proportion of 

exposed in controls being 0.25, and power of 0.80, 277 cases and 1108 controls will be required to achieve the study objective. All 

statistical analysis was performed using SAS 9.3 (SAS Institute Inc., Cary, NC). Statistical significance was set at an apriori level of 

0.05. 

RESULTS 

 The study population consisted of 291 cases diagnosed with CAP anytime during July 1, 2009 and December 31, 2010, and 

1164 age and sex-matched controls (incidence density ratio, 1:4). Table 1 presents the characteristics of the cases and controls. The 

mean age of the cases was 76.77(±6.86) years, which was comparable to the age distribution of the controls, 76.67(±6.46) years, as 
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was expected. Also, there was no difference in distribution of gender across cases and controls. Cases had significantly more 

inpatient/outpatient visits for conditions like COPD, asthma and bronchial diseases than controls. 
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Table 1. Characteristics of cases diagnosed with CAP and controls without CAP diagnosis measured during the 6 

months of pre-index period 

 

Variable Cases 

N=291 (%) 
Controls  
N=1164 (%) 

P value 

Age in years mean (SD) 76.77(6.86) 76.67(6.46) 0.81 
Females 190(65.29) 760(65.29) 1.00 
CMS Risk Score  
(SD) 

2.19(1.25) 1.72(1.10) <.0001* 

Medicaid 65(22.34) 250(21.48) 0.75 
Preferred Health Plan 173(59.45) 740(63.57) 0.19 
Mood Disorders 28(9.62) 110(9.45) 0.93 
Dementia 26(8.93) 109(9.36) 0.82 
Other mental disorders 27(9.28) 121(10.40) 0.57 
Chronic Obstructive Pulmonary 
Disease (COPD) 

112(38.49) 253(21.74) <.0001* 

Asthma 35(12.03) 72(6.19) 0.0006* 
Respiratory Failure 18(6.19) 163(5.41) 0.61 
Bronchial Diseases 51(17.53) 110(9.45) <.0001* 
Upper Respiratory Tract Infections 
(URTI) 

48(16.49) 168(14.43) 0.38 

    

* indicates statistically significant values at alpha level of 0.05 
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Table 2 reports the use of anticholinergic and other medications 30 days before the index date. 38.83% of the cases filled 

prescription for at least one anticholinergic medication 30 days before the event date, compared to 26.98% in the controls 

(p<.0001). Majority of the anticholinergic use was driven by level 1 anticholinergic drugs (32.65% among cases vs 20.79% among 

controls;  p<0.0001), followed by level 3 (9.28% vs 7.30%; p=0.26), and Level 2 drugs (2.06% vs 3.01%; p= 0.38). The use of 

medications with clinically significant anticholinergic properties (ADS level 2/3) was slightly higher among cases (10.65%) than in 

controls (10.05%, p= 0.76). The use of antibiotic agents was also higher among the cases (27.15% vs 11.43% in controls; p<.0001).   
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Table 2. Characteristics of cases diagnosed with pneumonia and controls without pneumonia diagnosis with respect to 

medication use 

Variable Cases 

N=291 (%) 
Controls  
N=1164(%) 

P value 

Any Anticholinergic Drug Use in the 
past 30 days 

113(38.83) 314(26.98) <.0001* 

Level 1 Anticholinergic  
Use in the past 30 days 

95(32.65) 242(20.79) <.0001* 

Level 2 Anticholinergic  
Use in the past 30 days 

6(2.06) 35(3.01) 0.38 

Level 3 Anticholinergic  
Use in the past 30 days 

27(9.28) 85(7.30) 0.26 

Higher Level Anticholinergic Use  
in the past 30 days 

31(10.65) 117(10.05%) 0.76 

Proton Pump Inhibitor Use in the past 
30 days 

60(20.62) 191(16.41) 0.09 

Antibiotic Use in the past 30 days 79(27.15) 113(11.43) <.0001* 

* indicates statistically significant difference at alpha level of 0.05. 
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Table 3 presents the results of conditional logistic regression. After controlling for potential covariates, the results of 

conditional logistic regression revealed that, use of anticholinergic medications was associated with a moderately higher risk of 

pneumonia (OR 1.40; 95% CI, 1.03-1.90) compared to no drug use. However, when clinically significant anticholinergic drugs (level 

2/3) were compared to drugs with low or no anticholinergic properties, there was no difference in risk of pneumonia (OR 0.99; 0.63-

1.57) (data not shown). Additional sensitivity analysis was conducted to see if the risk estimates differed when anticholinergic use 

was considered 60 days as well as 90 days before the event date.  The risk estimates for pneumonia decreased for both the study 

groups across the different exposure periods (Model for 60 days: Anticholinergic use vs No use- OR, 1.23, 0.92-1.65, Clinically 

significant anticholinergic use vs other drug use/no drug use-OR, 0.86, 0.58-1.27; Model for 90 days: Anticholinergic use vs No use- 

OR, 1.29, 0.96-1.73, Clinically significant anticholinergic use vs other drug use/no drug use-OR, 0.90, 0.62-1.30). This suggests that, 

there was a probable instantaneous effect of anticholinergic medications on the risk of CAP. The study also assessed the interaction 

of anticholinergic use and dementia to see if the risk of pneumonia differed across patients with and without dementia; no 

interaction effect was found (data not shown), which suggests that, the risk of pneumonia was not restricted to only dementia 

patients.  
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Table 3. Relative Risk of Community-acquired Pneumonia associated with use of any anticholinergic medication 

among cases with CAP and controls without CAP 

Variable Adjusted  

Odds Ratio, 

OR  

95% Confidence   

Interval,  

95% CI 

P value  

Any Anticholinergic Use  
vs No use 

1.40 1.03 1.90 0.03* 

Medicaid 0.91 0.62 1.34 0.64 
Preferred Health Plan vs Other plans  0.85 0.61 1.18 0.33 
Mood disorders  0.90 0.55 1.48 0.68 
Dementia  0.89 0.49 1.34 0.42 
Other Mental Disorders  0.70 0.43 1.13 0.68 
COPD 1.55 1.13 2.14 0.007* 
Asthma 1.28 0.79 2.05 0.32 
Respiratory Failure 0.77 0.42 1.39 0.38 
Bronchial Diseases 1.58 1.04 2.38 0.03* 
Upper Respiratory Tract Infections 1.10 0.75 1.60 0.64 
Current Antibiotic Use 2.55 1.81 3.58 <.0001* 
Current Proton Pump Inhibitor Use 1.12 0.79 1.59 0.53 
CMS Risk Score  1.32 1.17 1.49 <.0001*  

* indicates statistically significant values at alpha level of 0.05 
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DISCUSSION 

 The current study evaluated the risk of pneumonia among a cohort of elderly Medicare Advantage Plan beneficiaries using 

nested case control approach, and found that, current use of anticholinergic medications was associated with a 40% higher risk of 

CAP compared to no use, after controlling for potential confounding factors. The study also found that, there was no differential risk 

of pneumonia across levels of anticholinergic potency. This is the first study, to our knowledge, that examined the risk of pneumonia 

associated with anticholinergic use. 

 Several pharmacological reasons can explain the observed study findings.  Previous literature suggests that, aspiration is one 

of the well-established mechanisms for pneumonia in elderly people suffering from swallowing disorders and decreased cough 

reflexes. [31] Dryness of mouth caused by peripheral anticholinergic activity may lead to impaired oropharyngeal bolus transport, 

and eventually result in aspiration, which is an established mechanism for CAP. Other mechanisms that may be involved in 

anticholinergic-induced CAP are: a) reduced and thickened mucosal secretions which can increase the risk of bacterial growth 

involved in CAP; b) depression of the mucociliary transport that can prolong bacterial stay in the lungs and eventually lead to 

respiratory infections; and c) reduction of esophageal sphincter pressure can result in acid reflux which can lead to aspiration. [4] 

Although the strength of muscarinic blockade involved in the above mechanisms differs from one anticholinergic agent to another, it 

can potentially increase the risk of CAP due to co-morbidities and co-medications typically present in the elderly population.  The 
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current study did not examine the specific mechanisms involved in occurrence of CAP in the study population. Future studies are 

therefore needed to better understand the nature of CAP progression with anticholinergic medication use. 

 The current study controlled for inpatient or outpatient diagnoses involving respiratory conditions like COPD, asthma, 

respiratory failure, bronchial diseases like influenza, mental health conditions, and use of other non-anticholinergic medications 

including antibiotics and proton pump inhibitors which could modify the CAP risk. After including them as covariates in the 

conditional logistic model, current use of antibiotics was associated with a 2.5-fold increase in risk of CAP, presence of COPD was 

associated with a 55% higher risk of CAP, whereas those with bronchial disease had a 58% higher risk of CAP. The above estimates 

indicate that underlying nature of the diseases present in the patients could play an important role in CAP risk, and also suggest the 

need to be careful with anticholinergic prescribing in these populations. The 32% increase in risk of CAP with each unit increase of 

CMS Risk score also indicates that, patient severity can be an important risk factor for future CAP risk. Sensitivity analyses at 

different time points of exposure seem to indicate that, there could be an immediate impact of using anticholinergic agents on the 

risk of CAP.  Therefore, careful monitoring of patients can be helpful in capturing CAP in patients with no history of pneumonia or 

related disorders.   

The major strengths of this study are the study design and analytical approach. Using a nested case control design in this 

study yielded an efficient method of investigating exposure-outcome association by capturing exposure histories for relatively 

smaller numbers of cases and controls, compared to large numbers of individuals required in a typical cohort study to observe the 
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outcome. [61] The use of incidence density sampling helped us obtain controls who were at-risk of CAP at the time the case was 

selected, and therefore obtain a fair sample of the base cohort. [62-63] Cases and controls were matched on demographic 

characteristics like age and gender, thus yielding matched case-control sets. The conditional logistic regression model included 

potential factors that were related to the outcome (CAP). [67] Risk factors for the study were selected based on their evidence of 

association with the outcome in order to reduce the possibility of overcontrolling, which is a problem in case-control studies. [58] 

Sensitivity analyses were conducted at various exposure periods to assess the robustness of the study findings. Additionally, the 

study used the pre-validated ADS to define anticholinergic exposure. The ADS is the only anticholinergic scale, to the authors’ 

knowledge, that has been found to be correlated with serum anticholinergic activity (SAA), the gold standard in quantifying the 

anticholinergic drug burden of patients. [29] 

The interpretation of the current study findings is restricted by including only those beneficiaries who were alive during the 

entire study period (2009-2010). By excluding cases that probably died from pneumonia-related causes may have yielded a cohort 

of individuals who were comparatively healthy; this could also explain part of the observed study finding. The study had other 

limitations. Due to use of computer-recorded information to capture data, it could not be ascertained whether the subjects actually 

used their dispensed medicines. The diseases and outcome measurements were based on diagnostic data in medical claims. 

Incomplete records submitted by providers together with inaccurate demographic information and clinical details in the ICD-9-CM 

system might limit the accuracy of administrative data. Variables included in the conditional logistic regression model were limited 
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to those available in the data source; there is a thus possibility that unmeasured covariates like race, tobacco use, alcohol use, and 

nutrition might have affected the study findings. Severe pneumonia in elderly people may sometimes present with psychiatric 

disturbances like confusion, agitation and psychosis,-patient conditions which might require treatment with medications with 

anticholinergic properties (such as antipsychotics), and may exacerbate the risk of CAP. [49, 51] Thus, the temporality issue cannot 

be ruled out in the current study. Also, the study population consisted of elderly Medicare Advantage plan enrollees in a regional 

health plan; therefor the study findings may not be generalized to the fee-for-service population. A post-hoc power calculation was 

performed to examine the non-significant association between clinically significant anticholinergic use versus no use. It was found 

that, our study was not sufficiently powered to detect significant differences across levels of anticholinergic potency. Several potent 

anticholinergic medications like diphenhydramine, meclizine are available over-the-counter (OTC) and are frequently used in the 

elderly.  Use of prescription claims data in this study did not include use of those drugs.  Although lack of information on OTC 

medication use is an issue of non-differential classification bias, thereby affecting cases and controls in a similar way, it could partly 

explain the moderate association observed with anticholinergic use and pneumonia, and non-differential pneumonia risk with high-

level anticholinergic use. Finally, the ICD 9-CM codes have been shown to have modest sensitivity for detecting pneumonia from 

administrative databases.  [69, 70] 

Drug-induced adverse events among elderly generate public health concern owing to their associated morbidity, mortality 

and healthcare burden. Anticholinergic medications represent one such class; in this context, the current finding of a 40% higher risk 
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of pneumonia among current anticholinergic users compared to non-users raise potential concern regarding the safety of these 

medications in the elderly. The finding that individuals with COPD, bronchial diseases and those using antibiotics had a significantly 

higher risk of CAP suggests that, it is important to assess patient-specific characteristics and individual patient variability, all of 

which are risk factors for anticholinergic-induced CAP prior to prescribing anticholinergic medications in the above patient 

populations. Treatment with safer and non-anticholinergic alternatives should also be considered in elderly patients with multiple 

comorbid conditions. However, when pharmacotherapy is indicated, drugs with fewer anticholinergic effects should be chosen if 

available.  Concurrent prescribing of two or more agents with anticholinergic effects should be avoided when possible. Prescribers 

should also consider dose reductions and close monitoring of patients receiving such medications, especially in the vulnerable 

elderly population. 

CONCLUSION 

 The current nested case-control study evaluated the risk of pneumonia among a cohort of elderly Medicare Advantage Plan 

beneficiaries found that, current use of anticholinergic medications was associated with a 40% higher risk of CAP compared to no 

use, after controlling for potential risk factors. Given the wide spectrum adverse events associated with anticholinergic medications 

in the elderly, there is a need to be cautious while prescribing these medications in the above population. Future studies with large 

samples are required to confirm the study findings. 
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MANUSCRIPT 2 

RISK OF FALLS AND FRACTURES ASSOCIATED WITH ANTICHOLINERGIC MEDICATION USE IN THE ELDERLY 

ABSTRACT 

Background: Anticholinergic medications consist of a wide variety of drugs, and are frequently prescribed in the elderly. 

Previous research has implicated anticholinergic activity of several psychotropic medications as established risk factors of 

falls/fractures.  There is limited evidence on the risk of falls/fractures with use of anticholinergic medications.  

Aim: The aim of the current study was to examine the risk of falls/fractures associated with use of anticholinergic 

medications. 

Methods: The current study used a nested case control design within a cohort of elderly individuals enrolled in a Medicare 

Advantage Plan in Texas, during the years 2009-2010, to evaluate the risk of falls/fractures. The base population, from which 

cases and controls were sampled, consisted of individuals aged 65 years and above, with at least one inpatient claim and one 

outpatient claim during 6 months of pre-index period (January 1, 2009-June 30, 2009) in which no events of falls/fractures 

had occurred. Cases for the study were identified as patients who had an incident diagnosis of falls/fractures, after 6 months of 

no such events. For each case, four age and sex-matched controls for the study were selected from the study base using 



38 

 

incidence density sampling, with a potential for replacement. The primary exposure was defined as a prescription of any 

anticholinergic medication 30 days preceding the index date. Anticholinergic exposure was defined based on the pre-validated 

Anticholinergic Drug Scale (ADS). The primary outcome measure of the study was an inpatient or outpatient visit which 

involved diagnosis of falls/fractures, anytime between July 1, 2009 and December 31, 2010. Conditional logistic regression 

model stratified on matched case-control risk sets was used, with exposure to anticholinergic Levels 1, 2 or 3 as the main 

independent variable, falls/fractures as the main outcome variable and other factors associated with the outcome. 

Results: The study population consisted of 449 cases diagnosed with falls/fractures and 1796 controls (incidence density 

1:4). 32.96% of the cases filled prescription for at least one anticholinergic medication 30 days before the index date, 

compared to 30.35% in the controls (p=0.28). Majority of the anticholinergic use was driven by level 1 anticholinergic drugs 

(25.17% among cases vs 24.28% among controls; p= 0.69), followed by level 3 (9.35% vs 6.01%; p=0.01), and Level 2 drugs 

(3.79% vs 4.18%; p= 0.71). There was no difference in use of medications with clinically significant anticholinergic properties 

(ADS level 2/3) among cases (12.69%) and controls (9.91%, p= 0.08).  After adjusting for other covariates associated with the 

outcome, the results of conditional logistic regression revealed that, use of anticholinergic medications was not associated 

with a statistically significant risk of falls/fractures (OR 1.03; 95% CI, 0.82-1.31) compared to no drug use. The study findings 
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remained unchanged when clinically significant anticholinergic drugs (level 2/3) were compared to drugs with low or no 

anticholinergic properties, (OR 1.19; 0.85-1.65). 

Conclusion: The current study evaluated the risk of falls/fractures among a cohort of elderly Medicare Advantage Plan 

beneficiaries using nested case control approach, and found that, current use of anticholinergic medications did not differ with 

respect to falls/fractures compared to no use. Future studies are required to validate the study findings. 
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INTRODUCTION 

 Anticholinergic medications comprise of a heterogeneous group of drugs that exert their therapeutic effects by mainly 

blocking the muscarinic receptors located in various regions of the central nervous system. [1-3] Owing to the widespread 

distribution of muscarinic receptors in the body, these drugs can be used to treat a multitude of disorders like Parkinson’s 

disease, urinary incontinence, and irritable bowel syndrome. Other medication classes such as antidepressants, antipsychotics, 

and antihistamines, have considerable unwanted anticholinergic effects that are unrelated to their desired actions. Due to the 

non-selective nature of muscarinic blockade by anticholinergic medications, use of these agents is associated with significant 

side effects. [4] These side effects are a considerable concern in the elderly due to polypharmacy, co-morbidities, and age-

related changes in pharmacokinetic and pharmacodynamic parameters. [2-5] Significant peripheral side effects include dry 

mouth, thickened mucous secretions, visual problems, and urinary retention. Central anticholinergic adverse effects mainly 

include falls, confusion, cognitive impairment, sedation, and delirium. [6-9] Given the frequent use of anticholinergic agents, 

and their potential to cause serious adverse events, available quality of care indicators recommend that these agents should be 

avoided in the elderly people. [10-13] 

 Falls and related injuries among elderly individuals constitute a significant public health concern, and represent one of 

the major adverse events due to their associated morbidity, mortality, and healthcare expenditures in the elderly.  [36-38] 
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]Available data indicates that, approximately 30-40% of community-dwelling adults aged 65 years or older fall at least once 

each year. In 2010, the direct medical cost of treating falls, adjusted for inflation, was estimated at $30 billion. [37] 

 A recently published meta-analysis by Huang et al., (2011) identified the medication classes associated with a high 

risk of falls. [39] Analysis of pooled data in the study found that, use of benzodiazepines, antipsychotics and antidepressants 

were consistently associated with risk of falls in the above population. Several psychotropic medications have varying 

degrees of anticholinergic activity. However, there is little evidence on the association between anticholinergic medication 

use and falls. Only two studies have been published so far, which evaluated the risk of falls with anticholinergic use and 

found a higher risk of falls among anticholinergic users. Aizenberg et al., (2002) conducted a 4-year case-control study 

among elderly psychiatric inpatients at a mental health center in Israel to assess the risk of falls with anticholinergic burden. 

[40] The case comprised of patients > 65 years, without dementia, who reported a fall during the study period (January 

1997-December 2000). The control group consisted of previous and next admissions to the same ward of elderly patients 

without dementia and who did not report a fall. Anticholinergic burden was calculated using Anticholinergic Burden Score 

(ABS). Factors significantly associated with risk of falls were female gender and mean ABS score. The other study was done 

by Wilson et al., (2011), who examined the cross-sectional association between anticholinergic medication use and falls in 

community-dwelling older adults using data from 51 residential aged care facilities in Australia. [41] Anticholinergic 
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medications were determined using Drug Burden Index (DBI), which accounts for the dose-response and maximal effects of 

the drugs. The dose-response relationship was also assessed in this study by classifying the medications as DBI as none (0), 

low (<1) and high (> 1). After controlling for several important covariates like age, sex, history of falls, cognitive impairment 

and depression, the multivariate negative binomial regression showed that, the groups with low DBI (Incident Rate Ratio, 

IRR, 1.61; 95% CI,1.17-2.23) and high DBI (IRR, 1.90; 95% CI, 1.30-2.78) had a higher rate of falls than the non-exposed 

group. However, only one of them was done in a community setting, and none was done in US. Given the extensive use of 

anticholinergic medications in the elderly, and their high propensity to cause central adverse events like falls/fractures in 

the elderly, there is a need to evaluate the risk of anticholinergic-induced falls/fractures in US community-dwelling elderly 

population.  Therefore, the current study examined the association of anticholinergic use and incident falls/fractures among 

the community-dwelling elderly using regional Medicare data. 

METHODS 

Data Source 

 Data on elderly beneficiaries (> 65 years) enrolled in a regional Medicare Advantage Prescription Drug (MAPD) plan, 

during January 1, 2009-December 31, 2010, was used to achieve the study objective. The MAPD plan provides coordinated 

care health plans with a Medicare contract, and currently serves more than 100, 000 members in the region. The database 

contains the following data elements: membership, member summary, institutional and professional medical claims, CCMS file, 
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pharmacy records, and Quest Lab files. Membership and member summary files include demographic characteristics (age and 

gender), disease severity scores, and cost data for beneficiaries for each year. The institutional and outpatient files capture 

patients’ diagnostic information in the form of International Classification of Disease- Ninth Revision and Clinical Modification 

(ICD-9 CM) codes, procedure information in the form of Current Procedural Terminology (CPT) codes, in inpatient and 

outpatient settings respectively. The CCMS file captures the hospitalization records, date of admission, date of discharge and 

length of stay for the beneficiaries during the study period. The current study involved the use of membership files, member 

summary files, institutional and professional claims files, and pharmacy files for analysis. The pharmacy file contains Medicare 

Part D pharmacy data provided by pharmacy benefits manager, and includes drug identifying information, prescription fill 

dates, days of supply, quantity dispensed and dosing information for each prescription filled. All the above files can be linked 

by a unique patient identifier.  

Study design and sample 

 A nested case-control design was conducted within a cohort of elderly individuals enrolled in the regional MAPD plan, 

during the years 2009-2010, to evaluate the risk of falls/fractures. A nested case-control design can be a highly efficient 

method of epidemiological research, particularly when exposure data can be costly or difficult to collect. [53-60] Since 
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anticholinergic medications consist of drugs from various therapeutic categories, a nested case-control approach provided an 

advantage than a new-user cohort design in capturing multiple drug exposures.  

 The base population, from which cases and controls were sampled, consisted of individuals aged 65 years and above, 

had at least one inpatient and one outpatient medical claim in the pre-index baseline period (January 1, 2009-June 30, 2009) 

during which no instances of falls/fractures had occurred. Consequently, the base population excluded individuals less than 65 

years, and who experienced any event of fall/fracture during the pre-index period. Additionally, individuals who were not 

enrolled in or did not have any Part D plan with the regional MAPD or died during the study time frame (January 1, 2009-

December 31, 2010), VA patients, patients in hospice care and those diagnosed with cancer were also excluded from the base 

population. The index date of the study was defined as the study entry date of the individuals in the base cohort. 

Identification of cases 

 Cases for the study were identified as patients who had an incident diagnosis of falls, after 6 months of no such event. 

The event date for the cases was defined as the date of the first case event.  The cases were ascertained anytime between the 

start of follow-up (July 1, 2009) and study end date (December 31, 2010).  

Identification of controls  

 Controls for the study were identified from the study base using incidence density sampling, which is considered the 

gold standard among all the sampling approaches in case-control designs. [62-63] The use of incidence density sampling 
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entailed that potential controls for the study were individuals who remained in the risk set on the date of falls/fractures 

diagnosis for the corresponding case. Cases and controls were matched on age (±5 years) and gender. For each case, four 

controls were selected at random, with a potential for replacement. This meant that, one subject could serve as a control for 

more than one case, and could later become a case, if he/she was diagnosed with a fall/fracture. The event date for the 

controls was defined as the date of entry into the study cohort (index date) plus the number of days of event-free follow-up 

contributed by the corresponding case. [52] Figure 2 shows a schematic representation of the base cohort for falls/fractures.  
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Figure 2. Schematic representation of base cohort for Specific Aim 2 
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Exposure and Outcome Definitions 

 The primary exposure was defined as a prescription of any anticholinergic medication 30 days preceding the event 

date. Anticholinergic exposure was defined based on the pre-validated Anticholinergic Drug Scale (ADS). [28-29] The ADS 

classifies drugs into four categories on the basis of their level of anticholinergic activity, and groups them using an ordinal 

scale of 0 to 3, where level 0 contains drugs with no known anticholinergic activity; level 1 includes drugs with potential 

anticholinergic activity as evidenced by receptor binding studies; level 2 includes drugs for which anticholinergic adverse 

events are sometimes noted, usually at higher doses; and level 3 indicates drugs with marked anticholinergic activity. 22 The 

ADS has also been found to be associated with Serum Anticholinergic Activity (SAA), which is considered the gold standard for 

quantifying anticholinergic burden. [29] Patients who were not exposed to any of the above anticholinergic medications 30 

days before the case event were defined as non-users, and formed the reference group. The use of anticholinergic medications 

was identified by Specific Therapeutic Codes (STC), provided by the health plan. 

 The primary outcome measure of the study was an inpatient or outpatient visit which involved diagnosis of 

falls/fracture, anytime between July 1, 2009 and December 31, 2010. The events of fall or hip fracture were defined according 

to the clinical classification of conditions provided by the Agency for Healthcare Research and Quality (AHRQ) for falls and 

fractures that are based on the International Classification of Diseases, Ninth Revision (ICD 9-CM) codes. [64] Falls were 
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identified using the following E-codes E880 -E888, E9681, E9870, E9871 E9872 and E9879. Events of upper femur/hip 

fractures were identified using the ICD 9-CM codes: 820, and 821. 

Covariates 

 Covariates for the study were ascertained during the pre-index period, and were selected based on their association 

with the outcome. In addition to matching on demographic characteristics like age and gender, access to care variables like 

enrollment in MAPD-preferred health plan versus other plans, and Medicaid eligibility were included as additional variables. 

Other covariates consisted of medical conditions which are strongly predictive of the outcome (falls/fractures).These included 

mood disorder, dementia, other mental health disorders (anxiety, Parkinson’s disease, schizophrenia), insomnia, movement 

disorders, rheumatoid arthritis, osteoarthritis and osteoporosis. [36-38] Current use of non-anticholinergic medications like 

cardiovascular agents and psychotropic agents (30 days before the event date) were also considered as potential risk factors 

of falls, based on a recently published meta-analytical study by Huang et al.  [39] Additionally, Centers for Medicare and 

Medicaid Services (CMS) risk score was used to account for medication burden and disease severity among the patients. The 

CMS risk score is calculated based on data from a large pool of Medicare beneficiaries to estimate the average predicted costs 

for each of the component factors (e.g., age-sex, low income status, individual disease groups). It includes 189 disease 

classifications for use in risk adjusting of clinical outcomes in Medicare populations. [66] 
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Statistical Analyses 

 The differences in covariate distributions between the cases and controls were evaluated using chi-square tests for 

categorical variables and t-tests for continuous variables. Conditional logistic regression model stratified on the matched case-

control risk sets was used, with exposure to anticholinergic Levels 1, 2 or 3 as the main independent variable, falls/fractures as the 

main outcome variable and potential confounding factors as additional explanatory variables. The use of incidence density 

sampling yielded odds ratios (ORs) that estimated the relative risk of falls/fractures associated with anticholinergic use, along with 

the 95% Confidence Intervals (95% CIs). [68] The above analytical approach is analogous to time-to-event analyses in cohort 

studies. An apriori sample size calculation was performed assuming the highest true odds ratio of disease in cases versus controls 

to be 1.50, power of 0.80, Type I error probability 0.05, and proportion of anticholinergic exposure in controls to be 0.25. The 

analysis revealed that a sample size of 277 cases and 1108 controls would be required to achieve the study objective. All statistical 

analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC). Statistical significance was set at an apriori alpha level of 

0.05. 

RESULTS 

 The study population consisted of 449 cases that experienced at least one fall/fracture event anytime during July 1, 

2009 and December 31, 2010, and 1796 age and sex-matched controls (incidence density ratio, 1:4) during the same time 

period. Table 1 presents the characteristics of the cases and controls. The distribution of age and sex was similar across cases 
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and controls. Cases significantly differed from controls with respect to conditions like dementia, mood disorders and use of 

psychotropic medications.  
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Table 4. Characteristics of cases diagnosed with falls/hip fracture and controls without falls/hip fracture diagnosis 

Variable Cases 

N=449(%) 
Controls  
N=1796 (%) 

P value 

Age in years mean (SD) 78.22(6.93) 77.79(6.66) 0.22 
Females 341(75.95) 1364(75.95) 1.00 
CMS Risk Score  
(SD) 

1.74(1.08) 1.84(1.17) 0.11 

Medicaid 98(21.83) 392(21.83) 1.00 
Preferred Health Plan 303(67.48) 1156(64.37) 0.21 
Mood Disorders 63(14.03) 183(10.19) 0.02* 
Dementia 64(14.25) 176(9.80) 0.006* 
Other mental disorders 49(10.91) 204(11.36) 0.79 
Insomnia 22(4.90) 63(3.51) 0.17 
Movement Disorder 68(15.14) 242(13.47) 0.36 
Cerebrovascular Disease  92(20.41) 350(19.49) 0.63 
Osteoarthritis 137(30.51) 511(28.45) 0.39 
Rheumatoid Arthritis 18(4.01) 71(3.95) 0.95 
Osteoporosis 64(14.25) 211(11.75) 0.15 

* indicates statistically significant difference at alpha level of 0.05 
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 Table 5 reports the use of anticholinergic and other medications 30 days before the event date. 32.96% of the cases 

filled prescription for at least one anticholinergic medication 30 days before the index date, compared to 30.35% in the 

controls (p=0.28). Level 1 anticholinergic drugs were most often prescribed (25.17% among cases vs 24.28% among controls; 

p= 0.69), followed by level 3 (9.35% vs 6.01%; p=0.01), and Level 2 drugs (3.79% vs 4.18%; p= 0.71). There was no difference 

in use of medications with clinically significant anticholinergic properties (ADS level 2/3) among cases (12.69%) and controls 

(9.91%, p=0.08).   
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Table 5. Characteristics of cases diagnosed with falls/hip fracture and controls without falls/hip fracture diagnosis 

with respect to medication use 

Variable Cases 

N=449(%) 
Controls  
N=1796 (%) 

P value 

Any Anticholinergic Drug Use in the 
past 30 days 

148(32.96) 545(30.35) 0.28 

Level 1 Anticholinergic  
Use in the past 30 days 

113(25.17) 436(24.28) 0.69 

Level 2 Anticholinergic  
Use in the past 30 days 

17(3.79) 75(4.18) 0.71 

Level 3 Anticholinergic  
Use in the past 30 days 

42(9.35) 108(6.01) 0.01* 

Higher Level Anticholinergic Use  
in the past 30 days 

57(12.69) 178(9.91) 0.08 

Cardiovascular Drug Use in the past 
30 days 

64(14.25) 298(16.59) 0.22 

Psychotropic Drug Use in the past 30 
days 

71(15.81) 189(10.52) 0.002* 

* indicates statistically significant difference at alpha level of 0.05 
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 Table 6 presents the results of conditional logistic regression. After controlling for various risk factors, the results of 

conditional logistic regression revealed that, use of anticholinergic medications was not associated with a higher risk of 

falls/fractures (OR 1.03; 95% CI, 0.82-1.31) compared to no drug use. However, when clinically significant anticholinergic 

drugs (level 2/3) were compared to drugs with low or no anticholinergic properties, there was no difference in risk of 

falls/fractures (OR 1.18; 0.85-1.65) (data not shown). Additional sensitivity analysis was conducted to see if the risk estimates 

differed when anticholinergic use was considered 60 days as well as 90 days before the event dates.  The risk estimates for 

falls/fractures remained consistent for both the study groups across different study periods (Model for 60 days: 

Anticholinergic use vs No use- OR, 1.16, 0.93-1.45, Clinically significant anticholinergic use vs other drug use/no drug use-OR, 

1.17, 0.87-1.57; Model for 90 days: Anticholinergic use vs No use- OR, 1.11, 0.89-1.38, Clinically significant anticholinergic use 

vs other drug use/no drug use-OR, 1.17, 0.89-1.55).  
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Table 6. Relative Risk of falls/hip fractures associated with use of any anticholinergic medication among cases with 

falls/hip fractures and controls without falls/hip fractures 

 

Variable Adjusted  

Odds Ratio, 

OR  

95% Confidence   

Interval,  

95% CI 

P value  

Any Anticholinergic Use  vs No use 1.03 0.82 1.31 0.78 
Medicaid 1.12 0.83 1.52 0.45 
Preferred Health Plan vs Other plans  1.19 0.92 1.56 0.17 
Mood disorders  1.27 0.91 1.78 0.16 
Dementia  1.56 1.12 2.17 0.008* 
Other Mental Disorders  0.78  0.55 1.12 0.18 
Insomnia  1.35 0.81 2.28 0.25 
Movement Disorder  1.03 0.76 1.42 0.83 
Cerebrovascular Disorders 1.06 0.81 1.39 0.66 
Osteoporosis 1.24 0.89 1.70 0.19 
Rheumatoid Arthritis 0.93 0.54 1.61 0.79 
Osteoarthritis  1.09 0.87 1.39 0.44 
Current Cardiovascular Drug Use 0.86 0.64 1.18 0.35 
Current Psychotropic Drug Use 1.64 1.20 2.23 0.002* 
CMS Risk Score  0.92 0.83 1.02 0.10 

* indicates statistically significant values at alpha level of 0.05 
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DISCUSSION 

 The current study evaluated the risk of falls/hip fractures among a cohort of elderly Medicare Advantage Plan 

beneficiaries using nested case control approach, and found that, current use of anticholinergic medications was not 

associated with a significantly higher risk of falls/fractures compared to no use, after controlling for additional risk factors. 

The finding remained consistent when the time frame for exposure definition was extended to 60 days as well as 90 days. 

Additionally, the study did not observe any difference in falls/fractures across levels of anticholinergic potency. Also, since 

our study was not a new user design, there is also a possibility of prevalent user bias in the study, which could explain the 

non-significant finding of falls/fractures in this study. It is quite possible that, prevalent anticholinergic users have better 

tolerability than new users, and therefore, might experience a lesser risk of falls/fractures from drug use. However, given the 

large number of anticholinergic medications currently available, it is difficult to conduct a cohort design with new users, 

particularly using retrospective claims data. This is the first study, to the authors’ knowledge which examined the 

association of anticholinergic exposure and risk of falls/fractures, using retrospective prescription claims data. Future 

studies should include larger sample sizes, and prospectively look at risk of falls/fractures associated with anticholinergic 

use among new users. 

Our finding is not consistent with the findings of previous studies which examined the risk of falls/fractures with 

anticholinergic use.  Both the studies found increased risk of falls/fractures with anticholinergic use. [40-41] The differences 
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in study findings from literature may be attributed to the differences in operational definitions of exposure and outcome, 

study design, and populations studied. Our current study finding suggests that, anticholinergic use is not associated with 

falls/fractures. Given the consistent findings of psychotropic medications with falls/fractures, this finding is surprising. 

Several reasons can be provided to explain the observed finding. First, the current study did not include individuals who died 

during the study period (2009-2010); therefore, anticholinergic users who died from falls-related causes and might have 

contributed to high falls risk, were not represented in the data. Another plausible explanation could be the exclusion of 

individuals who experienced any event of fall/fracture during the pre-index period. Previous literature suggests that, prior 

risk of falls is one of the strongest risk factors of future falls risk. [38] By excluding patients with previous history of falls, the 

base cohort consisted of healthy patients with respect to their baseline risk of falls/fractures.  Additionally, the current study 

could not control for benzodiazepine use, since Medicare Part D plans excluded coverage for benzodiazepine prescriptions 

during the study period. Benzodiazepine use is a well-established factor for falls/fractures. [39] Lack of this information 

could be a potential limitation of this study, if there was differential anticholinergic prescribing among cases and controls 

based on their benzodiazepine use status.  

Our study also found that, patients with dementia had a 56% higher risk of falls/fractures. This is consistent with past 

literature, since studies have found that dementia patients have high risk of falls owing to the underlying nature of the 

disease. [38] Since antipsychotic medications with anticholinergic properties such as olanzapine and quetiapine are often 
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prescribed in dementia patients to control behavioral and psychological symptoms of dementia (BPSD), [44] incidents of 

falls/fractures should be closely monitored in these patients. Due to the safety concerns of anticholinergic medications in 

dementia patients, the interaction term between dementia and anticholinergic exposure was checked to see if the risk 

estimate varied for patients with and without dementia. However, the interaction term was not significant, which suggests 

that the risk of falls/fractures was not confined to only dementia patients. The current study additionally found that 

exposure to psychotropic medications 30 days before the event date was associated with a 64% higher risk of 

falls/fractures; this finding is also congruous with past literature. 14 Use of these agents also captures the underlying mental 

health condition, which could lead to increased risk of falls/fractures in the patients. There is concern among researchers 

regarding the lack of validity in E-codes. Therefore, additional sensitivity analysis was performed by using a more 

conservative definition and limiting the cases to only those who experienced fractures. The results of conditional regression 

revealed that, there was no difference in risk of fractures with anticholinergic use versus no use, as well as across levels of 

anticholinergic potency. However, a post-hoc power calculation was performed to investigate the non-significance of 

findings, and it revealed that, the sample size for fractures (102 cases and 408 controls) was underpowered to detect any 

significant difference.   

The study had several strengths. The use of nested case control design provided an efficient method of assessing the 

risk of falls/fractures with multiple exposure categories. [61] The use of incidence density sampling helped us obtain controls 
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who were at-risk of falls/fractures at the time the case was selected, and therefore obtain a fair sample of the base cohort. [62, 

63] The conditional logistic regression model, adjusted for other covariates, helped in analysis of data stratified by sets of 

cases and controls matched by age, sex and person-time at risk.  [67] Additionally, the study used the pre-validated ADS to 

define anticholinergic exposure. The ADS is the only anticholinergic scale, to the authors’ knowledge that has been found to be 

correlated with serum anticholinergic activity (SAA), the gold standard in quantifying the anticholinergic drug burden of 

patients. [29] In order to assess the robustness of exposure measurement, the definition of anticholinergic exposure was 

extended to 60 days as well as 90 days. Additionally, a more conservative definition of fractures was used to examine the 

strength of findings to see if the finding differed based on the severity of outcomes. 

The study findings should be viewed in light of several limitations. The use of computer-recorded information to 

capture data did not allow us to ascertain whether the subjects actually used their dispensed medicines. The diseases and 

outcome measurements were based on diagnostic data in medical claims. Incomplete records submitted by providers together 

with inaccurate demographic information and clinical details in the ICD-9-CM system might limit the accuracy of 

administrative data. Variables included in the conditional logistic regression model were limited to those available in the data 

source; there is a thus possibility that unmeasured covariates like race, cognitive and functional limitations, might have 

affected the study findings. Also, the study population consisted of community-dwelling elderly enrolled in a regional Medicare 

Advantage plan; therefor the study findings may not be generalized to the fee-for-service population. Several anticholinergic 
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medications (like meclizine, diphenhydramine) are available over-the-counter (OTC) and are often used by the elderly on an 

as-needed basis. The use of prescription data did not include use of those drugs. Although lack of this information can be 

regarded as a case of non-differential misclassification, this information would have been extremely helpful in quantifying the 

risk of falls/fractures associated with anticholinergic use. Our study population included community-dwelling older adults, 

and hence our study findings may not be generalized to other treatment settings. Finally, we used E-codes to identify events of 

falls in the above study population, which may be subject to underreporting in the community dwelling population. [71]  

The current findings, suggest that there is no difference in risk of falls/fractures across anticholinergic users versus 

non-users, and also across levels of anticholinergic potency. However, given the high risk of falls/fractures among those with 

dementia, it is extremely important to assess patient-specific characteristics and individual patient variability, which could 

predispose individuals to falls, prior to prescribing anticholinergic medications in the above patient population. Future 

population-based studies are required to confirm the study findings.  

CONCLUSION 

 The current nested case-control study evaluated the risk of falls/fractures among a cohort of elderly Medicare 

Advantage Plan beneficiaries found that, current use of anticholinergic medications was not associated with a significantly 
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higher risk of falls/fractures compared to no use, after controlling for potential confounding factors. Given the high risk of falls 

observed in patients with dementia, and those using psychotropic agents, there is a need to be cautious while prescribing 

these medications in elderly with mental health disorders. Future prospective studies with large sample sizes are required to 

validate the study findings. 
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MANUSCRIPT 3 

 

RISK OF ALL-CAUSE HOSPITALIZATION ASSOCIATED WITH USE OF ANTICHOLINERGIC MEDICATIONS IN ELDERLY 

 

ABSTRACT 

Background: Anticholinergic medications consist of a wide variety of drugs, and are frequently prescribed in the elderly. Use 

of these medications in the elderly has been associated with potential adverse events.  

Aim: The aim of the current study was to examine the risk of all-cause hospitalization associated with use of anticholinergic 

medications. 

Methods: The current study used a nested case control design within a cohort of elderly individuals enrolled in a regional 

Medicare Advantage Plan, to evaluate the risk of all-cause hospitalization. The base population, within which the case-control 

study was nested, consisted of individuals aged 65 years and above, who had at least one institutional claim and one 

outpatient claim in the 6 months of pre-index period (January 1, 2009-June 30, 2009) during which no instances of inpatient 

hospitalization had occurred. Cases for the study were identified as patients who had an incident hospital visit, at least 6 

months after entry into the base cohort. Controls for the study were identified from the study base using incidence density 
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sampling. Each case was matched to four controls based on age (±5 years) and gender. The primary exposure was defined as a 

prescription of any anticholinergic medication 30 days before the case event date. Anticholinergic exposure was defined based 

on the pre-validated Anticholinergic Drug Scale (ADS). The primary outcome measure of the study was an inpatient visit, 

anytime between July 1, 2009 and December 31, 2009. Conditional logistic regression model stratified on matched case-

control risk sets was used, with exposure to anticholinergic Levels 1, 2 or 3 as the main independent variable, and inpatient 

hospitalization as the main outcome variable, after controlling for additional risk factors associated with the outcome.  

Results: The study population consisted of 295 cases that encountered an incident hospitalization, and 1180 age and sex-

matched controls (incidence density 1:4). 29.83% of the cases filled prescription for at least one anticholinergic medication 30 

days before the index date, compared to 28.90% in the controls (p=0.75). Majority of the anticholinergic use was driven by 

level 1 anticholinergic drugs (25.08% among cases vs 24.49% among controls; p= 0.83), followed by level 3 (6.44% vs 7.54%; 

p=0.52), and Level 2 drugs (4.41% vs 2.97%; p= 0.21). The use of medications with clinically significant anticholinergic 

properties (ADS level 2/3) did not differ among cases (10.51%) and controls (9.58%, p= 0.63).  After controlling for potential 

covariates, the results of conditional logistic regression revealed that, use of anticholinergic medications was not associated 

with a statistically significant risk of hospitalization  (OR 0.85; 95% CI, 0.62-1.17) compared to no drug use. The study findings 
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remained unchanged when exposure to clinically significant anticholinergic drugs (level 2/3) was compared to drugs with low 

or no anticholinergic properties or no drug use, (OR 0.97; 0.61-1.54). 

Conclusion: The current study evaluated the risk of hospitalization among a cohort of elderly Medicare Advantage Plan 

beneficiaries using nested case control approach, and found that, current use of anticholinergic medications did not confer a 

significantly higher risk of hospitalization compared to no use, among patients who did not have a prior history of 

hospitalization. The study findings remained unchanged when higher level anticholinergic drugs were compared to drugs with 

low or no anticholinergic properties.  
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INTRODUCTION 

 Anticholinergic medications comprise of a wide variety of drugs that are often prescribed in the elderly to treat 

geriatric disorders. [1] The pharmacology of anticholinergic action involves blocking of the muscarinic receptors that are 

located in the central nervous system. [4] Due to widespread distribution of muscarinic receptors in the body, these drugs can 

be used to treat multiple disorders. Anticholinergic medications such as oxybutynin, atropine, and benztropine, are 

therapeutically used to treat medical conditions like Parkinson’s disease, irritable bowel syndrome, and urinary incontinence. 

[1-3] Some other medication classes such as antidepressants, antipsychotics, and antihistamines, have considerable 

anticholinergic effects, that are not related to their therapeutic activities. Due to the non-selective nature of muscarinic 

blockade, use of anticholinergic agents is associated with significant side effects. [4] These side effects are a considerable 

concern in the elderly due to polypharmacy, co-morbidities, and age-related changes in pharmacokinetic and 

pharmacodynamic parameters. [2-5] Significant peripheral side effects include dry mouth, thickened mucous secretions, 

urinary retention and bowel constriction. Central anticholinergic adverse effects mainly include falls, confusion, cognitive 

impairment, sedation, and delirium. [6-9] Together, these adverse events may lead to inpatient hospitalization among the 

elderly. 
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 Hospitalization services account for nearly 7% of total healthcare utilization, but they represent the largest share of 

healthcare spending in the US (29% in 2009). [42] Available statistics also indicate that, elderly individuals (> 65 years) 

consist of only 12% of the US population, and yet account for one-third of the hospitalizations. [43] In 2010, the cost of 

hospitalization among the elderly was estimated at $150 billion, which was 40% of the total healthcare expenditure for that 

year. Hospitalization among the elderly is therefore considered as a major quality of care indicator.  All-cause hospitalization 

also provides a measure of overall safety of medications. Several epidemiological studies have been conducted to examine the 

comparative safety of various medications and medication classes with respect to all-cause hospitalization risk. [44-46] None 

of the studies have evaluated the effect of anticholinergic medications on hospitalization. Given the extensive use of 

anticholinergic medications among the elderly, [47] and the increasing emphasis of hospitalization as a quality of care 

measure, there is a strong need to evaluate the role of anticholinergic medications on all-cause hospitalization. Thus the aim of 

the current study was to assess the risk of hospitalization among community-dwelling elderly using anticholinergic 

medications. The study also evaluated the risk of hospitalization across various levels of anticholinergic potency. 
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METHODS 

Data Source 

The study used data on elderly beneficiaries (> 65 years) enrolled in a regional Medicare Advantage Prescription Drug (MAPD) 

plan, during January 1, 2009-December 31, 2010. The MAPD provides Medicare Parts A, B and D benefits to its enrollees, and 

serves more than 100, 000 beneficiaries. The following key elements are present in the database: membership, member summary, 

institutional and professional medical claims, CCMS file, pharmacy records, and Quest Lab files. Membership and member 

summary files include information on demographic characteristics (age and gender), disease severity scores, and cost data for 

beneficiaries for each year. The institutional and outpatient files capture patients’ diagnostic information in the form of 

International Classification of Disease- Ninth Revision and Clinical Modification (ICD-9 CM) codes, procedure information in the form 

of Current Procedural Terminology (CPT) codes, in inpatient and outpatient settings respectively. The CCMS file captures the 

hospitalization records, dates of admission, dates of discharge and length of stay for the beneficiaries during the study period. The 

pharmacy file contains Medicare Part D pharmacy data provided by pharmacy benefits manager, and includes drug identifying 

information, prescription fill dates, days of supply, quantity dispensed and dosing information for each prescription filled. The 

current study involved the use of membership files, member summary files, institutional and professional claims files, and 

pharmacy files for analysis. All the above files were linked by a unique patient identifier.  
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Study design and sample 

 A nested case-control design was conducted within a cohort of elderly individuals enrolled in a regional MAPD plan, to 

evaluate the risk of all-cause hospitalization. A nested case-control design can be a highly efficient method of epidemiological 

research, particularly when exposure data can be costly or difficult to collect. [61] Since anticholinergic medications consist of 

drugs from various therapeutic categories, a nested case-control approach provided an advantage than a new-user cohort 

design in capturing multiple drug exposures.  

 The base population, from which cases and controls were sampled, consisted of individuals aged 65 years and above, 

who had at least one institutional claim and one outpatient claim in the pre-index period (January 1, 2009-June 30, 2009) 

during which no instances of inpatient hospitalization had occurred. Additionally, individuals who were not enrolled in or did 

not have any Part D plan with the regional MAPD during the study time frame (January 1, 2009-December 31, 2009), VA 

patients, patients in hospice care,  those diagnosed with cancer and those who died during the study period were also 

excluded from the base population. The index date of the study was defined as the study entry date of the individuals in the 

base cohort. 

Identification of cases 

 Cases for the study were identified as patients who had their first inpatient hospitalization, after 6 months of no 

inpatient hospitalization during the pre-index period. The event date for the cases was defined as the date of the first case 
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event.  The cases were ascertained anytime between the post-index date (July 1, 2009) and study end date (December 31, 

2009).  

Identification of controls  

 Controls for the study were identified from the study base using incidence density sampling, [62-63] which is 

considered the gold standard among all the sampling approaches in case-control designs. The use of incidence density 

sampling entailed that potential controls for the study were individuals who remained in the risk set on the date of first 

hospitalization for the corresponding case. Case and controls were matched on demographic characteristics like age (±5 years) 

and gender. For each case, four controls were selected at random, with a potential for replacement. This meant that, one 

subject could serve as a control for more than one case, and could later become a case, if he/she had an inpatient 

hospitalization event. The event date for the controls was defined as the study entry date plus the number of days of event-free 

follow-up contributed by the corresponding case. [52]  
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Figure 3: Schematic representation of base cohort for Specific Aim 3 
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Exposure and Outcome Definitions 

 The primary exposure for the study was defined as a prescription of any anticholinergic medication 30 days prior to the 

event date. Anticholinergic exposure was defined based on the pre-validated Anticholinergic Drug Scale (ADS). [28] The ADS 

categories the drugs into four levels based on their anticholinergic activity, and groups them using an ordinal scale of 0 to 3, 

where level 0 contains drugs with no known anticholinergic activity; level 1 includes drugs with potential anticholinergic 

activity as evidenced by receptor binding studies; level 2 includes drugs for which anticholinergic adverse events are 

sometimes noted, usually at higher doses; and level 3 indicates drugs with marked anticholinergic activity. 20 The ADS has also 

been found to be correlated with Serum Anticholinergic Activity (SAA), [29] which is considered the gold standard for 

quantifying anticholinergic burden. Patients who were not exposed to any of the above anticholinergic medications 30 days 

before the case event were defined as non-users, and formed the reference group. The use of anticholinergic medications was 

identified by Specific Therapeutic Codes (STC), provided by the health plan.  

 The primary outcome measure of the study was all-cause inpatient hospitalization, anytime between July 1, 2009 and 

December 31, 2009.  

Covariates 

 Cases and controls were matched on demographic characteristics like, age (±5 years) and gender. In addition to that, 

other risk factors for the study were captured at the index date, and were selected based on their association with the 
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outcome. The study also controlled for access to care-related factors like type of health insurance plan and Medicaid eligibility 

of the beneficiaries. Other covariates included those medical conditions identified by Elixhauser Comorbidity Index. The 

Elixhauser Comorbidity Index is based on 30 comorbid conditions, and is a widely used risk adjustment tool in health care 

research. [72, 73] Prior studies have used found Elixhauser Comorbidity Index for risk adjustment purposes and found that it 

is significantly associated with all-cause inpatient mortality, post-discharge mortality and healthcare utilization.  [74-76] In 

addition, Centers for Medicare and Medicaid Services (CMS) risk score was used to account for medication burden and disease 

severity among the patients. The CMS risk score is calculated based on data from a large pool of Medicare beneficiaries to 

estimate the average predicted costs for each of the component factors (e.g., age-sex, low income status, individual disease 

groups). It consists of 189 disease classifications for use in risk adjusting of clinical outcomes in Medicare populations. [66] 

Statistical Analyses 

 The differences in covariate distributions between the cases and controls were evaluated using chi-square tests for 

categorical variables and t-tests for continuous variables. Conditional logistic regression model stratified on matched case-control 

risk sets was used, with exposure to anticholinergic Levels 1, 2 or 3 as the main independent variable, inpatient hospitalization as 

the main outcome variable and potential confounding factors as additional explanatory variables. The use of incidence density 

sampling yielded odds ratios (OR) that estimated the relative risk of hospitalization associated with anticholinergic use, along with 
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the 95% Confidence Intervals (95% CIs). [68] The above analytical approach is analogous to time-to-event analyses in cohort 

studies. An apriori sample size calculation was performed assuming the highest true odds ratio of hospitalization in cases versus 

controls to be 1.50, power of 0.80, Type I error probability 0.05, case-control ratio of 1:4 and proportion of anticholinergic 

exposure in controls of 0.25. The analysis revealed that a sample size of 277 cases and 1108 controls would be required to achieve 

the study objective. All statistical analysis was performed using SAS 9.3 (SAS Institute Inc., Cary, NC). Statistical significance was set 

at an apriori level of 0.05. 

RESULTS 

 The study population consisted of 295 cases that encountered at least one inpatient hospitalization anytime during July 

1, 2009 and December 31, 2009, and 1108 age and sex-matched controls (incidence density ratio, 1:4) during the same time 

period. Table 7 presents the characteristics of the cases and controls. As was expected, cases and controls had similar 

distribution of demographic characteristics like age and sex. However, cases significantly differed from controls with respect 

to conditions like chronic heart failure (CHF), arrhythmias, peripheral vascular disorder and weight loss, and had a higher CMS 

Risk score than controls. 
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Table 7. Characteristics of cases for hospitalization and controls without hospitalization 

Variable Cases 

N=295 (%) 
Controls  
N=1180(%) 

P value 

Age in years mean (SD) 75.79(7.33) 75.80(6.84) 0.98 
Females 191(64.75) 764(64.75) 1.00 
CMS Risk Score (SD) 2.24(1.29) 1.46(0.93) <.0001* 
Medicaid 177(18.51) 547(19.07) 0.70 
Preferred Health Plan 610(63.81) 1894(66.04) 0.21 
Chronic Heart Failure (CHF) 55(18.64) 164(13.90) 0.04* 
Arrhythmias  61(20.68) 169(14.32) 0.007* 
Valvular Disease 26(8.81) 102(8.64) 0.93 
Peripheral Vascular Disease 50(16.95) 136(11.53) 0.01* 
Hypertension, Uncomplicated 209(70.85) 834(70.68) 0.95 
Hypertension, Complicated 67(22.71) 232(19.66) 0.24 
Neurodegenerative Disorder 16(5.42) 85(7.20) 0.28 
Chronic Pulmonary Disease  80(27.12) 285(24.15) 0.29 
Diabetes, Uncomplicated 112(37.97) 407(34.49) 0.26 
Diabetes, Complicated 71(24.07) 234(19.83) 0.11 
Hypothyroidism  45(15.25) 157(13.31) 0.38 
Renal Failure 44(14.92) 150(12.71) 0.32 
Liver Disease 5(1.69) 29(2.46) 0.43 
Rheumatoid Arthritis, Collagen 18(6.10) 56(4.75) 0.34 
Obesity 8(2.71) 48(4.07) 0.28 
Weight Loss 10(3.39) 16(1.36) 0.02* 
Fluid and electrolyte disorders 19(6.44) 78(6.61) 0.92 
Deficiency Anemia 16(5.42) 68(5.76) 0.82 
Depression 29(9.83) 117(9.92) 0.97 

* indicates statistically significant difference at alpha level of 0.05. 
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Table 8 reports the use of anticholinergic and other medications 30 days before the index date. 29.83% of the cases 

filled prescription for at least one anticholinergic medication 30 days before the index date, compared to 28.90% in the 

controls (p=0.75). Majority of the anticholinergic use was driven by level 1 anticholinergic drugs (25.08% among cases vs 

24.49% among controls; p= 0.83), followed by level 3 (6.44% vs 7.54%; p=0.52), and Level 2 drugs (4.41% vs 2.97%; p= 0.21). 

There was no difference in use of medications with clinically significant anticholinergic properties (ADS level 2/3) among 

cases (10.51%) and controls (9.58%, p= 0.63).   
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Table 8. Characteristics of cases with inpatient hospitalization and controls without hospitalization with respect to 

medication use 

Variable Cases 

N=295(%) 
Controls  
N=1180(%) 

P value 

Any Anticholinergic Drug Use in the 
past 30 days 

88(29.83) 341(28.90) 0.75 

Level 1 Anticholinergic  
Use in the past 30 days 

74(25.08) 289(24.49) 0.83 

Level 2 Anticholinergic  
Use in the past 30 days 

13(4.41) 35(2.97) 0.21 

Level 3 Anticholinergic  
Use in the past 30 days 

19(6.44) 89(7.54) 0.52 

Higher Level Anticholinergic Use  
in the past 30 days 

31(10.51) 113(9.58) 0.63 

* indicates statistically significant difference at alpha level of 0.05 
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Table 9 reports the results of conditional logistic regression. Conditions like peptic ulcer, HIV/AIDS, lymphoma, 

metastatic cancer, solid tumor, liver disease, alcohol use, drug abuse, blood loss anemia, psychoses could not be included in the 

final logistic regression model owing to zero or negligible sample sizes. After controlling for potential risk factors, the results 

of conditional logistic regression revealed that, use of anticholinergic medications was not associated with a higher risk of 

hospitalization (OR 0.85; 95% CI, 0.62-1.17) compared to no drug use. Also, when clinically significant anticholinergic drugs 

(level 2/3) were compared to drugs with low or no anticholinergic properties, there was no difference in risk of 

hospitalization (OR 0.97; 0.61-1.54) (data not shown). Additional sensitivity analysis was conducted to see if the risk estimates 

differed when anticholinergic use was considered 60 days and 90 days before the index date, to ensure that patients had 

sufficient supply of medications.  The risk estimates for hospitalization remained fairly consistent for both the study groups 

across the different exposure times considered (Model for 60 days: Anticholinergic use vs No use- OR, 0.93, 0.69-1.25, 

Clinically significant anticholinergic use vs other drug use/no use-OR, 1.06, 0.71-1.58; Model for 90 days: Anticholinergic use 

vs No use- OR, 0.90, 0.68-1.21, Clinically significant anticholinergic use vs other drug use/no drug use-OR, 1.09, 0.75-1.59).  
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Table 9. Relative Risk of hospitalization associated with use of any anticholinergic medication among cases with 

hospitalization and controls without hospitalization 

 

Variable Adjusted  

Odds Ratio, 

OR  

95% Confidence   

Interval,  

95% CI 

P value  

Any Anticholinergic Use  vs No use 0.85 0.62 1.17 0.34 
Medicaid 1.05 0.71 1.56 0.79 
Preferred Health Plan vs Other plans  0.77 0.55 1.09 0.15 
Chronic Heart Failure (CHF) 0.79 0.51 1.20 0.27 
Arrhythmias  1.13 0.77 1.67 0.53 
Valvular Disease 1.12 0.90 1.39 0.32 
Peripheral vascular Disease 1.18 0.77 1.80 0.46 
Hypertension, Uncomplicated 0.94 0.68 1.31 0.72 
Hypertension, Complicated 0.86 0.59 1.26 0.44 
Neurodegenerative Disorder 0.59 0.32 1.08 0.08 
Chronic Pulmonary Disease  0.69 0.49 0.99 0.04* 
Diabetes, Uncomplicated 0.82 0.58 1.17 0.27 
Diabetes, Complicated 0.81 0.53 1.22 0.31 
Hypothyroidism  1.10 0.74 1.64 0.63 
Renal Failure 1.11 0.71 1.74 0.65 
Rheumatoid Arthritis, Collagen 0.84 0.44 1.59 0.59 
Obesity 0.59 0.26 1.35 0.21 
Weight Loss 0.80 0.30 2.18 0.67 
Fluid and Electrolyte Disorders 1.007 0.56 1.81 0.98 
Anemia Deficiency 0.63 0.33 1.21 0.16 
Depression 0.98 0.60 1.58 0.93 
CMS Risk Score 2.19 1.86 2.58 <.0001* 

* indicates statistically significant values at alpha level of 0.05 
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DISCUSSION  

 The current nested case-control study evaluated the risk of hospitalization among elderly Medicare Advantage Plan 

beneficiaries and found that, use of anticholinergic medications 30 days before inpatient hospitalization was not associated 

with a significantly higher hospitalization risk compared to no use, after controlling for various risk factors. The finding 

remained consistent when the time frames for definition of anticholinergic exposure were extended to 60 days and 90 days. 

Additionally, the study did not observe any noticeable difference in hospitalization risk across levels of anticholinergic 

potency.   

 Several epidemiological studies have been conducted to examine the risk of all-cause as well as cause-specific 

hospitalization with use of several medications on general as well specific elderly populations. [44-46] The study findings 

have been helpful in quantifying the risk of hospitalization associated with use of specific drug classes. The current nested 

case-control study evaluated the risk of all-cause hospitalization among elderly, and found no significant difference across 

users versus non-users, as well as levels of anticholinergic potency. This could be attributed to the fact that, prior 

hospitalization risk is a strong risk factor of future hospitalization. [77] The current study excluded elderly patients, who 

experienced prior hospitalization, and thus had more disease severity than those who did not experience hospitalization. It 

could be possible that, anticholinergic use could lead to hospitalization in those vulnerable elderly patient populations. It 
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should be mentioned here that, enrollees who died during the study period were excluded from the base cohort. This 

criterion might have led to a healthy cohort by design, and could explain the non-significant findings observed with 

anticholinergic use and level-specific analysis. Since the study was not a new user design, the findings can also be explained 

by prevalent user bias. Prevalent anticholinergic anticholinergic users generally have better drug tolerability than new users, 

and therefore, will have lesser risk of hospitalization from drug use. The finding of lower risk of hospitalization among 

individuals with pulmonary diseases may be attributed to the exclusion of patients who were hospitalized due to the above 

conditions, and consequently excluded from the study. The 2.5 fold risk of hospitalization with each unit increase of CMS risk 

score can be explained by residual confounding captured by the CMS risk index. Based on the above findings, future 

prospective studies are required to confirm the study findings. Additionally, there is also a need to examine how 

anticholinergic medication use can modify the risk of hospitalization in patients with prior history of hospitalization, as well 

as in specific subgroups of patients. 

The study had several strengths. The use of nested case control design provided an efficient method of investigating 

the association of anticholinergic medications and incident hospital admission, in presence of multiple exposure categories. 

The use of incidence density sampling helped us obtain closely matched controls who were at-risk of hospitalization at the 

time the case was selected, and therefore obtain a representative sample of the base cohort. By using conditional logistic 
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regression to model the outcome, it was possible to handle stratified data on cases and controls. [67] The Elixhauser 

Comorbidity Index that was used to control for patients’ pre-index medical conditions is a widely used risk adjustment tool 

for various health outcomes. [71-76] The study also used CMS risk score to control for residual confounding. Additionally, 

the study used the pre-validated ADS to define anticholinergic exposure. The ADS is the only anticholinergic scale, to the 

authors’ knowledge that has been found to be correlated with serum anticholinergic activity (SAA), the gold standard in 

quantifying the anticholinergic drug burden of patients. [29] 

Several study limitations should be acknowledged. Since the data on prescription medications was recorded using 

pharmacy claims, we could not ascertain if the patients actually took the medications as prescribed. Further, the diseases and 

outcome measurements were based on diagnostic data in medical claims. Incomplete records submitted by providers together 

with inaccurate demographic information and clinical details in the ICD-9-CM system might limit the accuracy of 

administrative data. Variables included in the conditional logistic regression model were limited to those available in the data 

source; there is a thus possibility that unmeasured covariates like race might have affected the study findings. Several potent 

anticholinergic medications like diphenhydramine and meclizine are available over the counter, and hence, their use was not 

captured in the data. Availability of this information in future studies would be very helpful in assessing risk estimates of high-

level anticholinergic medications. Also, the study population consisted of elderly individuals enrolled in a regional Medicare 
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Advantage plan; therefor the study findings may not be generalized to the entire US population. Additionally, our study 

population included community-dwelling older adults; therefore, the study findings may not be extended to other treatment 

settings. Finally, although all-cause hospitalization provides an idea of healthcare impact of drug utilization, it is only a generic 

measure; future studies are needed to verify the specific reasons of hospitalization among anticholinergic users. 

Drug-induced adverse events and consequent hospitalization among the elderly generate public health concern owing 

to their associated morbidity, mortality and healthcare burden. Owing to their high potential for adverse events in the elderly, 

anticholinergic medications constitute a modifiable risk factor. The current findings suggest that there is no difference in risk 

of hospitalization across anticholinergic users versus non-users, and also across levels of anticholinergic potency. Future 

studies are required to confirm the current study findings. 

CONCLUSION 

 The current nested case-control study evaluated the risk of hospitalization among a cohort of elderly Medicare 

Advantage Plan enrollees and found that, current use of anticholinergic medications was not associated with a significantly 

higher risk of hospitalization compared to no use, after controlling for potential confounding factors. Given the potential 
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adverse events associated with anticholinergic medications in the elderly, there is a need to conduct future prospective studies 

are required to confirm the study findings.  
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CONCLUSION AND IMPLICATIONS 

This study is the first attempt to assess the general as well as specific safety profiles of anticholinergic medications in community-

dwelling elderly using retrospective claims database. The current study employed a nested case-control design to evaluate the risk 

of community-acquired pneumonia (CAP), falls/hip fractures and all-cause hospitalization among a cohort of elderly individuals 

enrolled in a regional Medicare Advantage Prescription Drug Plan. Overall the study found that, use of anticholinergic medications 

30 days before the event was associated with a 40% higher risk of CAP compared to non-use. No statistically significant differences 

could be detected across levels of anticholinergic potency and CAP risk. The current study also extended the time frame of exposure 

definition to 60 days and 90 days before the event date, and found that the risk estimates decreased, and lost significance for 

extended time periods. This may imply an immediate impact of anticholinergic treatment in the elderly. For aim 2, the study found 

that use of any anticholinergic medication did not lead to an increase in risk of falls/fractures, and there was no differential impact of 

various levels of anticholinergic use. The study findings remained unchanged, after sensitivity analyses. Similarly for aim 3, the study 

could not find a significantly higher risk of hospitalization with anticholinergic use vs no use, 30 days before the event date. 

Additionally, there was no difference in hospitalization risk across levels of anticholinergic potency. The study finding was robust to 

sensitivity analyses of exposure and outcome. Future studies with large sample sizes are required to confirm the study findings. In 
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light of extensive use of anticholinergic medications in the elderly, and the potential of these agents to cause adverse events, there is 

a need to be cautious while prescribing these agents in the above vulnerable population.  
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